The element free Galerkin's (EFG) technique is proposed for solving 2D and 3D elastic wave equation. In this paper, we compare the waveforms calculated by three methodologies; Finite Difference Method with 4th order accuracy in space (FDM4), traditional FEM and EFG. Traditional FEM and EFG are tested on two individual interpolating functions (IFUNC); 1st order (plane) IFUNC and 2nd order (curved) IFUNC. From the comparison to the exact waveforms of Lamb's problem, the proposed algorism gives accurate waveforms.
INTRODUCTION
The EFG (Element Free Galerkin's method) by Belytschko, et al. (1994) can be useful methodology in terms of that it uses low-order interpolation (second or less).
EFG has been applied to dynamic problems such as elastic wave propagation (Lu, et al. 1995; , and it is expected to perform with high accuracy even using a low-order base function. However, practical accuracy of EFG has not been tested by these early works. Among various numerical methods to solve the elastic wave equation, FDM(Finite Difference Method) using the staggered grid scheme (e.g. Virieux, 1986; Graves, 1996) may be the most popular method because of its simple coding and satisfactory accuracy. On the other hand, with rapid advancing of computational instruments, SEM (Spectral Element Method) by Komatitsch and Tromp (1999) , or ADER-DG (Arbitrary high-order DERivatives Discontinuous Galerkin finite element method) by Dumbser and Kaser (2006) may be considered as the most powerful methodologies since their accuracies are 100 times or more than FDM. Both SEM and ADER are traditional FEM (Finite Element Method) with high-order (fourth or more) interpolation. However, high-order interpolation needs many number of nodal points to define a single element. When EFG is considered as practical use, FDM with 4th order accuracy in space (FDM4) and traditional FEM are the most serious competitions. In this paper, we compare the waveforms calculated by FDM4, traditional FEM and EFG. 
METHODOLOGY (1) Interpolating shape function
In element free Galerkin's technique, the velocity vector and the stress tensor are arranged as shown in Fig. 1 . This is the simplest case. In the case of a square node, h is the distance between nodes and there are 2×2 Gauss-Legendre (GL) integral points shown by black squares. The square nodes ( j =I, II, III, IV) are represented by open circles in Fig. 1 .
When particle velocity vector is known at these 4 nodes, stress tensor is evaluated at 4 GaussLegendre integral points ( i = 1, 2, 3, 4) with multiplying a coefficients to velocity vectors. This coefficient matrix is related to 4 GL points and 4 nodal points and is obtained by element free Galerkin's method as follows. We will discuss the case of 1st order shape function and then we expand this to the 2nd order case. First of all, let us assume the basis vector of a shape function is as [1, , ] x z = T P (1st order) (1a) 
Where r ij is the distance between each pare of the GL point and nodal point. R i is affection radius for each GL point and n is an arbitrary natural number In the case of 1st order shape fuction (1a),
When a GL point i in an element is located at a point (x i , z i ), the displacement u i can be obtained using the coefficients of the interpolated variable a k ,
The coefficients a k satisfy the following equation: 
A a a a = ,
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Solving Eq. (4) by moving least square method (e.g. Menke, 1989):
Thus Eq. (3) is described as
All P i Vectors for every GL points make a following coefficient matrix:
This ij φ is known as a shape function in Element Free Galerkin's method.
(2) Equations of motion
The partial derivatives of variable u i on each GL point can be calculated by using ij φ :
Where,
In the case of dynamic problems such as the elastic wave propagation, the deformation of medium is negligible since the displacement caused by the wave is small. Therefore and
can be considered as constant throughout the simulation, and need only be computed once, after the geometrical parameter h is given. As is well known, an elastic wave equation is comprised by two sets of equations: stress-strain relations and the equations of motion. The stress-strain relations are:
( )
Where λ and μ are Lame's moduli. σ xx , σ zz and σ xz , are the stresses. v x and v z are particle velocities. Employing explicit discretization of second order accuracy in time and interpolation of particle velocity, at a point (x i , z i ), Eqs. (19a) to (19c) become:
Where T is the sampling time length, superscript is time on computing, and
(3) Equations of motion
The equations of motion are:
Where f x and f z are the components of external force vector and ρ is material density. These partial differential equations give the following weighted residual equations:
In Galerkin's method, the shape function ij 
TWO-DIMENSIONAL CASE
A homogeneous halfspace model of Vp=1732m/s, Vs=1000m/s and ρ=1500kg/m 3 is employed to test the numerical accuracy of EFG. We can obtain an exact waveforms of Lamb's problem by Saito (1993). Ricker wavelet of peak frequency 50Hz is used for source time series. The maximum frequency of Ricker wavelet becomes about 125Hz and the minimum wave velocity of both models is 1000m/s, therefore, the shortest wavelength becomes 8m. Thus, we define grid spacing h=1m. We have 8 or more grids for the shortest wavelength. Fig.2 In case of 1st order basis vector Eq. (1a), the numerical accuracy computed by traditional FEM is poorer than FDM4. Interpolation by moving least square of EFG elaborately improves the numerical accuracy of traditional FEM. In case of 2nd order basis vector Eq. (1b), the numerical accuracies of EFG and FEM are almost same. By using 2nd order basis vector, the numerical accuracy becomes at least five times or more than the case of 1st order basis vector. 
THREE-DIMENSIONAL CASE
Two symbolic models are used in order to test the performance of EFG. The two models are shown in Fig.4 . Model A is a homogeneous halfspace. We can obtain exact waveforms by Saito (1993). Model B is a two layered halfspace. Although we can not obtain an exact response, reflectivity method supplies semi-analytic waveforms.
Conclusions
In this paper, Element Free Galerkin's method is used to solve the elastic wave propagation problems. In the simulation test, we assumed that 8 girdpoints would be needed to accommodate the shortest wavelength. The seismogram calculated by EFG is more accurate than FDM with 4th order accuracy in space. We conclude that, on the case of 1st order (plane) interpolation, EFG improves numerical accuracy of traditional FEM without the increase of computational memory. 
